Background. Trichosporon species have emerged as an important non-Candida spp yeast pathogen in immunocompromised patients in recent decades; however, the systemic analysis of Trichosporon epidemiology has seldom been reported.
Trichosporon species have emerged as important human pathogens during the past 4 decades in association with an increased number of immunocompromised hosts [1] . Invasive trichosporonosis (IT) is an emerging fatal opportunistic infection and it predominantly occurs in immunocompromised hosts; this infection occurs particularly in patients with hematological malignant diseases (HMDs) and occasionally in those with no apparent immune impairment [2] . Invasive trichosporonosis can involve most organs of the human body, Trichosporon fungemia (TF), including catheter-related fungemia, represents the main type of this opportunistic infection, which accounts for 58.8%-74.7% of infections [2] [3] [4] . Although Trichosporon spp currently represent the second most common yeast fungemia in patients with HMDs [5] , TF is often neglected and clinically misdiagnosed as other types of yeast fungemia, especially candidemia [6] .
Phenotypic and biochemical techniques are routinely used to identify Trichosporon species; however, these techniques are time consuming and are often inaccurate for species identification [7, 8] . Thus, early and accurate diagnosis remains challenging. Although some recommendations and 1 guideline regarding the use of triazoles for the treatment of IT have been published [5, 9, 10] , these recommendations are mainly based on low-level evidence obtained from in vitro susceptibility tests, animal models, and case reports/case series rather than from randomized control trials. Information on the use of voriconazole for the treatment of TF and other related clinical issues, such as the management of vascular catheters and neutrophil recovery, is not enough. Thus, selecting the appropriate strategy of managing TF remains difficult.
Due to delayed diagnosis and the lack of an optimal treatment strategy, TF mortality remains high (53%-76%) [3, 11] . Due to the low incidence and difficulty in diagnosis, most reports of TF are limited to individual case descriptions or relatively small case series involving single institutions, and no comprehensive analysis has been reported to guide our understanding of the epidemiology, therapeutic aspects, and outcome of this infection; moreover, the prognostic factors associated with outcomes remained unclear [11] . Therefore, to improve our knowledge of this uncommon infection, we reviewed the English-language literature for cases of TF that have been reported over the past 4 decades, including original case reports and case series, to elucidate the epidemiology and prognostic factors associated with patient outcome.
MATERIALS AND METHODS
To ensure accuracy, 2 independent reviewers (Y. L. and S. Y.) separately conducted a literature review using PubMed (http:// www.ncbi.nlm.nih.gov/pubmed) to identify all Englishlanguage articles mentioning TF for the period from 1975 to 2014. Search keywords included "Trichosporon", "trichosporonosis", "Trichosporon fungemia", "trichosporonomia", and "Trichosporon bloodstream infection". After reviewing the recovered articles, references cited in the articles were reviewed to identify additional case reports and case series. Cases were included if at least 1 Trichosporon spp was isolated in a blood culture and the clinical syndrome was consistent with infection. Cases of superficial infection and infection with Trichosporon capitatum or Trichosporon pullulans were excluded because these species have been reclassified to a different genus. The reports that were reviewed in further analyses are listed in the Supplementary Materials. For each case, the following data were collected (if available): publication year, geographic location, basic demographics and clinical characteristics, underlying conditions, microbiology, treatment, and outcome. We gave special attention to therapeutic modalities, such as antifungal treatments and catheter removal. To test the trends over time, we grouped the TF into four 10-year periods. We listed the number of TF cases reported in each of these 4 periods and categorized the results according to geographic location, species, antifungal treatment, and outcome. Cases that were reported in detail were included in a correlation analysis of potential prognostic factors (among the variables collected) and outcome by performing a χ 2 test or a Fisher exact test for categorical variables.
A P value of <.05 was considered statistically significant, and a P value of <.0083 was considered statistically significant for multiple comparisons of the outcome of 4 treatment regimens. All statistical calculations were performed using standard programs implemented in SAS version 9.3.
RESULTS
The literature review yielded 185 cases of TF from 1975 to 2014, and the number of reported cases generally increased during this time ( Figure 1 Figure 3 ).
Representing the 40 years from 1975 to 2014, the 185 cases of TF reviewed in our study were summarized; correlations were assessed between various prognostic factors and clinical outcome. In a univariate analysis, a significantly greater proportion of patients with a negative outcome had a history of using antimicrobials (P = .017), prophylactic/empirical antifungal therapy (P = .015), or bacterial bloodstream coinfection (P = .005) POA of TF (P = .018) ( Table 1 ). In addition, a significantly greater proportion of patients with a positive outcome had fungemia without invasive tissue infection than with invasive tissue infection (P = .012) ( Table 1) . Likewise, for other variables, no statistically significant differences were found (Table 1) . Among 75 patients who had a history of neutropenia POA of TF and for whom the state of neutropenia could be available after the development of TF, 34 exhibited neutrophil recovery. Among 77 patients who had a history of CVC usage POA of TF and for whom the state of CVC could be available after the development of TF, 53 had undergone catheter removal. Among the patients experiencing a positive outcome, a significantly greater proportion followed neutrophil recovery (P < .001) or catheter removal (P = .033) ( Table 2) .
Various treatment regimens were used; however, amphotericin B/liposomal amphotericin B (AmB) were the most frequently used monotherapies during the first 3 decades (61.54% during 1975-1984, 48.08% during 1985-1994 , and 49.09% during 1995-2004). The therapy with a single triazole has increased to become the most frequently used drug (47.69%) during 2005-2014, and these triazoles include voriconazole (26.15%), fluconazole (18.46%), posaconazole (1.54%), and miconazole (1.54%) ( Figure 4) . A significantly greater proportion of patients experiencing a negative outcome received the antifungal regimen using AmB (P = .017) ( Table 2 ). However, a significantly greater proportion of patients experiencing a positive outcome received an antifungal regimen using voriconazole (P = .020) or a regimen using an AmB-triazole combination (P = .021). Among the 4 commonly used antifungal compounds, significant differences in positive outcome rate were found between regimens using AmB and voriconazole (P = .003), between AmB and fluconazole (P = .029), and between AmB and the combination of AmB-triazole (P = .004); differences in outcome between voriconazole and fluconazole (P = .436) or between fluconazole and AmB-triazole combination (P = .683) were not statistically significant (Table 3) .
DISCUSSION
In modern medicine, many factors are considered to contribute to immunosuppression and physical barriers impairment of hospitalized patients; these factors also contribute to the observed increase in the number of patients with invasive fungal infections, especially for HMDs patients. Fungemia has been recognized with increasing frequency in HMDs patients in recent decades [5, 6, 10] . Trichosporon has emerged as the second most common yeast genus causing fungemia in HMDs patients and is frequently the pathogen of breakthrough infection in patients receiving prophylactic/empirical antifungal therapy [1, 5, 11] . We reviewed 185 cases of TF in English-language publications from the first case reported in 1975. The number of reported cases increased significantly from 13 in the first decade (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) to 65 in the last decade (2005-2014), consistent with previous research that the incidence of TF has increased in HMDs patients during the period from 1988 to1997 in a national cancer institution [14] . The reason for the changing trend of geographic distribution (the cases increased in South America and Asia) at a late stage is probably attributed to multiple factors, including an increasing concern of doctors and researchers from South America and Asia on Trichosporon infections and improved clinical diagnostic technique for medical mycology in these areas [1, 15] . The real epidemiological trend for IT will be evaluated when more research teams join this field and establish a specific study group or network on Trichosporon infection. For patients with TF in our study, the most common underlying conditions were HMDs, especially acute leukemia, a finding that is consistent with the results of another study (82% of all HMDs) [11] . In addition, most TF cases were associated with neutropenia (60.49%), chemotherapy (58.44%), antimicrobial use (84.05%), prophylactic/empirical antifungal therapy (47.34%), or CVC (52.81%) use POA of infection. These risk factors were also found to be associated with TF or IT in other studies involving small samples and included neutropenia (85%-91%) [11, 14] , chemotherapy (91%) [11, 14] , broad-spectrum antimicrobial use (91%) [14] , prophylactic/empirical antifungal therapy (58%-91%) [11, 14] , or CVC use (42%-100%) [11, 14, 16] .
Trichosporon fungemia was more strongly correlated with HMDs and neutropenia than other rare opportunistic (nonCandida, non-Cryptococcus) yeast bloodstream infections (ROYBSIs) [6] . The timing and sensitivity of diagnosis remain important for the management of TF. Based on a molecular analysis, the taxonomy of the genus Trichosporon has been extensively revised; Trichosporon beigelli was replaced by 6 species of Trichosporon as potential human pathogens [17] [18] [19] . The genus of Trichosporon was extended to 50 species by 2011 [1] . According to the revised classification, T asahii is found herein to be the most frequently reported clinical isolate (75%) that causes TF, which is similar to that observed previously [2, 16] . The traditional culture and identification of Trichosporon spp from blood samples-in particular, identification to the species level-can be difficult using clinical methods that are routinely used in general microbiology laboratories; moreover, biochemical identification are among the methods that are more often used for the diagnosis of TF, especially in the past 10 years. However, the biochemical database for identifying Trichosporon spp has been poor. Although potentially useful, modern molecular techniques that are based on the sequencing of Trichosporon spp ribosomal DNA cannot be routinely adopted at this time-although they already been used in South America and Asia-representing a challenge for early diagnosis and leading to delays in selecting appropriate antifungal therapies [1, 20] . In our study, 58.92% of patients experienced a negative outcome, and the outcome of TF patients improved slightly over time ( Figure 3) . However, previous studies reported a higher mortality of TF (from 76% to 83.3%) [11, 14] , even after antifungal therapy; this finding might be due to a reporting bias such that more cases with favorable outcomes were reported in our review study.
Patients at high risk of developing TF, especially HMDs patients during the neutropenic phase, are vulnerable to systemic bacterial infections and frequently receive antimicrobial therapy. We found that antimicrobial use POA of TF (which can result in an imbalance of the microbiota) and concomitant bacteremia (which would aggravate the patient's condition) were both associated with a poor prognosis of TF, and a similar result was found in candidemia [21, 22] . When fever or other signs of infection continue despite antimicrobial therapy, patients were frequently considered as having possible invasive fungal infections, rendering prophylactic/empirical treatment necessary. When prophylactic/empirical treatment was used for the neutropenic patients with potential invasive fungal infection, echinocandins or a lipid formulation of amphotericin B were recommended [23] , which increased the occurrence of breakthrough infection of Trichosporon spp. Based on analysis of published TF cases, 43.24% (80 of 185) of patients presented with breakthrough TF, mainly related to the use of amphotericin B (38 of 80) and echinocandin (22 of 80). These findings have also been described by others [3, 11, [24] [25] [26] [27] and is consistent with the resistant pattern of Trichosporon spp (intrinsic resistance to echinocandins and decreased susceptibility to amphotericin B), which might play a role in the competitive inhibition of selective pressure for the growth of resistant fungi. In case the clinical features of TF cannot be distinguished from candidemia [28] , TF treatment has often involved initial therapy with antifungals, to which Trichosporon spp is less sensitive [29] . These reasons might explain why prophylactic/empirical antifungal treatment was related to negative breakthrough TF outcome, which also stresses the importance of early diagnosis.
Central venous catheter use was also found to be one of the most frequent risk factors for TF (52.81%) in our study, consistent with previous studies (41%-100%) [3, 4, 11, 14] . It has been reported that catheters might be a portal of entry for Trichosporon spp [14, 30] , and some TFs represented catheter-related bloodstream infections (CR-BSIs) [1, 3, 5, 11] . The formation of Trichosporon biofilms on catheter surfaces, especially CVCs, might play an important role in the pathogenesis of Trichosporon CR-BSIs, diseases that are often difficult to treat and eradicate and that ultimately lead to persistent or recurrent infections despite treatment with antifungals, to which Trichosporon spp is sensitive [1, 31, 32] . Our study revealed that catheter removal was significantly associated with a positive outcome (P = .033) in patients who had a history of CVC use POA of TF. Several studies have demonstrated that catheter removal is also associated with improved survival in patients with candidemia or ROYBSIs [6, 22, [33] [34] [35] , particularly for the early CVC removal [36, 37] . However, other studies failed to prove the significance of catheter removal in patients with candidemia [38] [39] [40] . Although controversy remains regarding neutropenic patients, catheter removal is recommended as an adjunct strategy for treating patients with candidemia [23] . According to our results and the guidelines of candidemia, catheter removal should also be suggested for TF when feasible, and our previous study reveals that ethanol might be a useful choice for preventing and treating T asahii biofilm-related CR-BSIs [41] .
The use of an appropriate antifungal treatment is associated with survival in patients with candidemia [21, 22, 34] , especially for secondary noncatheter-related candidemia, and early and adequate antifungal therapy (but not catheter withdrawal) was a protective factor for the mortality [34] . Due to the rarity of IT and the lack of randomized control trials, the optimal therapy for IT has not been established. Amphotericin B was first recommended as an initial therapy for IT in 1995 [42] . For TF, we found that AmB (72 of 185, 38.92%) and AmB-triazole (28 of 185, 15.14%) were the most commonly used single-drug treatment and combination treatment, respectively (Table 2) ; a similar finding (79.6%) has also been reported in a previous literature review in 2005 [2] . Walsh et al [43] reported that 77% of Trichosporon isolates were not killed at achievable amphotericin B serum levels; the finding was correlated with refractory, disseminated trichosporonosis in granulocytopenic patients. The similar resistance profiles of Trichosporon isolates against amphotericin B have been found in previous studies in vitro [16, 44] . We found that a significantly higher proportion of patients receiving AmB experienced a negative prognosis. In patients with IT, poor responses to amphotericin B have been reported [1, 2, 14, 43, 45] . Therefore, amphotericin B should not be recommended for treating Trichosporon infection. Based on previous experimental and clinical evidence [4, [46] [47] [48] from 2005, several reviews and 1 guideline have recommended the use of triazoles for treating IT [2, 5, 9, 10, 49] . We found that azole-included therapy was the most frequently used antifungal treatment for TF (65.7%) after 2004 (Figure 4) , which was also reported for IT in another case series [4] . A 16-year retrospective study of TF patients with HMDs found that the resolution of TF was associated with triazole-included therapy [11] . Although fluconazole has previously been recommended for IT, we did not find a significant association between positive outcome and fluconazole treatment; however, we did find that a significantly higher proportion of patients receiving voriconazole experienced positive outcomes. The first successful treatment of IT with voriconazole was reported in 2002 [50] , a finding that has been confirmed in other clinical and animal studies [4, [51] [52] [53] . Voriconazole has recently been found more effective (in vitro) than amphotericin B, fluconazole, and ravuconazole against most clinical Trichosporon species [16, 54] , even for isolates that are resistant to fluconazole, itraconazole, or amphotericin B [55] . Recent guidelines suggest that voriconazole is the preferred agent for treating Trichosporon infections [9] . Consequently, our findings suggest a promising role for voriconazole in the treatment of TF. We also found a significant association between positive outcome and treatment with an AmB-triazole combination. In vitro synergistic effects of antifungal combinations including voriconazole, amphotericin B, and caspofungin against T asahii have been reported [31, 56] , and these were confirmed by an animal model experiment [46] , but the clinical effectiveness of AmB-triazole combination therapy requires more studies to be confirmed.
It has been recognized that prolonged neutropenia compromises the host defense mechanism against fungal infections [57] . In this study, neutrophil recovery was found to be the main factor affecting outcome in neutropenic patients with TF, which has also been reported in another case series that the resolution of TF was associated with neutrophil recovery for 28 HMDs patients [11] . Other case reports and case series suggest that the improvement of neutropenia is a prognostic factor for patients with IT [58] [59] [60] . Despite receiving antifungal therapy, IT in patients with persistent profound neutropenia might fail to respond to treatment with triazoles [48] , a finding that emphasizes the importance of the patient's immune status in determining the outcome of Trichosporon infections [61] . Neutropenia recovery has been reported as an independent factor for candidemia survival in patients with HMDs [62] . To reduce the duration of neutropenia, immunosuppressive therapy should be reduced or terminated if clinically feasible, and the administration of granulocyte macrophage colony-stimulating factor (CSF) or granulocyte CSF can be considered [63] , which has been shown to enhance the fungicidal activity of human monocytes against Trichosporon species in vitro [64] , and have been used in neutropenic patients with Candida infection to assist bone marrow recovery after the remission of neutropenia [65] .
Our study has several limitations. First, this was a retrospective study; therefore, some information might not have been well documented in the patients' charts, including illness severity, antifungal dose and duration, and the timing of catheter removal. Second, as a retrospective, multisource case review study, the possibility of a reporting bias cannot be eliminated because cases with more favorable outcomes were reported. Finally, it would have been better to use a multivariate analysis to explore the prognostic factors for clinical outcome. However, when running a logistic regression, quasi-complete separation can be problematic. Quasi-complete separation occurs when studying many categorical variables and using a small sample size. Therefore, the results should be interpreted with extreme caution, and further development of national databases and well defined multicenter studies are needed to resolve these limitations and confirm our results.
CONCLUSIONS
In summary, this study represents the largest review of TF published to date, and it provides useful information about this uncommon infection by describing its epidemiology, treatment, and outcome. Trichosporon fungemia is frequently difficult to diagnose, refractory to treatment, and associated with high mortality. Our results emphasize the fact that TF has played a more important role in the most recent decade, especially in HMDs patients treated with broad-spectrum antimicrobials and in patients with indwelling devices during neutropenia. Many common antifungals have limitations in the treatment of TF; however, triazoles, especially voriconazole, are expected to improve patient outcome and play a key role in future antifungal strategies. Patients with neutropenia usually do not recover from infection despite antifungal therapy, unless the neutropenia recovery; however, the removal of catheters is associated with positive survival.
Supplementary Data
Supplementary material is available online at Open Forum Infectious Diseases online (http://OpenForumInfectiousDiseases.oxfordjournals.org/).
